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Mepiexopeva KepaAaiou 35

 [lepiOAaon atrARg oXICMNG | OiOKOU

e Intensity in Single-Silit Diffraction Pattern
 [lepiOAaon OITTANG OXIOMNG

o AlakpPITIKN IKOVOTNTA; KUKAIKEG iPI0EG

o AIOKPITIKN IKAVOTNTA THAECKOTTIWYV KAl
MIKPOOKOTTIWV; To 6p10 TOU A Limit

* AIOKPITIKA IKOAVOTNTA AVOPWITTIVOU HATIOU-
MEYEOUVON

 Ppaypa MepiOAaong



Mepiexopeva KepaAaiou 35

QaocupatopeTpa Kol PacuaTOOKOTTIO

AI0KPITIKR IKAVOTNTA KAl I0XUS PpAYHATOG
mTePiOAaong.

AKTiveG-X Kal TTEpiOAaon akTivwy X
NMNéAwon

2KEOOAON PWTOC ATTO TN ATHOCPAIPA.



35-1 MNepiOAaon atrAng oXIouNS 1 dioKoU

AOyw TNG KUMATIKAG @UONG TOU pWTOG, TTAPATNPEITAI TO
PAIVOMEVO TNG TTEPIOAAONG, ATTOKAION ATTO €UOUYPAMMN
010001, YUPW OTTO AVTIKEIMEVA KAl OXIOMEG.
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35-1 MNepiOAaon atrAng oXIouNS 1 dioKoU

H eikova mrepiOAaong gival o oXNUMATIOCNOG TTOU
onuIoupyeiTal Adyo TnG TTEPiBAaoNG.




35-1 MNepiOAaon atrAng oXIouNS 1 dioKoU

H mrepiOAaon cuufaiver ereidn Ta
OEUTEPOYEVI METWTTA OTO AVOIYMA TG OTTAG
UTTOKEIVTOI OTO (PAIVOUEVO TNS CUMBOANG.
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35-1 MNepiOAaon atrAng oXIouNS 1 dioKoU

Ta eAaxioTa oTnVv €IKOVA CUMBOANG aTTANG
OoXIOMNG N OiOKOU TTapaTnpeouvTal 0TV

Dsin® = mA, m = £l 3 428, = |minima |
Intensity
A 24 A oA 3 SInf



35-1 MepiOAaon atrAng oXIouNS 1 dioKoU

dw¢ pARKoug KUparog 750
nmM TTEPVAEI ATTO OXIOHNAS
mwAdToug 1.0 X 103 mm.
Méoco gival To EUPOG TNG
KEVTPIKNS KOPUPNS (a) o€
Moipeg kal (b) oge cm oTav
n oBovn BpiokeTal o€
atmréoTaon 20 cm;
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intensity \ |
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APPROACH The width of the central maximum goes from the first minimum on
one side to the first mimimum on the other side. We use Eq. 35-1 to find the
angular position of the first single-slit diffraction minimum.

SOLUTION (a) The first minimum occurs at

A 7.5 % 107" m
sinfl = — = = 0.75.
D 1.0 X 10™°m
So 6 = 49°. This is the angle between the center and the first minimum,
Fig. 35-5. The angle subtended by the whole central maximum, between the

minima above and below the center. is twice this, or 98°,

(b) The width of the central maximum is 2x, where tan# = x/20cm. So
2x = 2(20cm)(tan 49°) = 46 cm.

NOTE A large width of the screen will be illuminated, but it will not normally be
very bright since the amount of light that passes through such a small slit will
be small and it is spread over a large area. Note also that we cannot use the
small-angle approximation here (f =~ sinf =~ tan#) because 6 is large.
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35-1 MNepiOAaon atrAng oXIouNS 1 dioKoU

Mia TTapaAANAOYpANHN OXIOHA TOU OXAMOTOG
QwTIiCeTal. (a) Z€ TTol1a OIEUBUVON AVOMEVETE VA gival
TTEPICOOTEPO EKTETAMEVN N TTEPIOAaoN; (b) pE Baon
QUTO TTWG TI OXAMA TTPETTEI VA £XEI EVA NEYAPWVO
OVOKOIVWOEWYV O€ Eva YATTEDO;
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RESPONSE (a) From Eq. 35-1 we can see that if we make the slit (width D)
narrower, the pattern spreads out more. This is consistent with our study of
waves in Chapter 15. The diffraction through the rectangular hole will be wider
vertically, since the opening is smaller in that direction. (b) For a loudspeaker, the
sound pattern desired 1s one spread out horizontally, so the horn should be tall
and narrow (rotate Fig. 35-6 by 90°).
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35-2 ‘Evraon lNepiBAaong

H @aon kKal n Evraon TnG akTIVOBOAIaG €€
aiTiag Tng TrePiBAaong dideTal Ao TnNG

oxXéong:

2t

Kdl

: 2
J-.rg = 10(51252/2> .



35-2 ‘Evraon lNepiBAaong

BpeiTe TIG EVTACEIC VIO TA TTPWTA OUO HEYIOTA
EKATEPWOEV TOU KEVTPIKOU PEYIOTOU OE MIA EIKOVA
TEPIBAAONG.

APPROACH The secondary maxima occur close to halfway between the minima,
at about

B wDsiné

2 A

The actual maxima are not quite at these points—their positions can be determined
by differentiating Eq. 35-7 (see Problem 14)—but we are only seeking an estimate.

SOLUTION Using these values for 8 in Eq.35-7 or 35-8, with sin(m + 3)m = 1, gives

fﬁl _ fnl — m = 1,23,
(}ﬂ + 5)"?1" o

~ (m + 3)m. m=1,2,3,-
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For m =1 and 2, we get

— — s . 5 —_—
Iy 522 0.0451, [m 1]
L, = 0 _ 00161 [m = 2]
T 617 "

The first maximum to the side of the central peak has only 1/22, or 4.5%, the
intensity of the central peak, and succeeding ones are smaller still, just as we can
see in Fig. 35-4 and the photo of Fig. 35-2c.
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35-3 MepiOAaon dITTARG OXICUNAC

INa OUO OXIOUEG EXOUME

sinﬁﬁ) S

Egg = QED( 5/2 cosa-

H Evraon TTapauEvel avaAoyn Tou
TETPOAYWVOU TOU TTEDIOV.



35-3 MepiOAaon OITTANG OXIOUAG

O TTapdayovTag TNG

meEPIOAaoNGg ﬂ\
(eSapTdaTal atré TO P o
B) eppavileTal ocav o ot

“ paxelog” TTOU NWW\M ﬂ
TPOTTOTTOIElI TOV , .
TOXEWG S
METARBAAAOMEVO

TTAPAYOVTO MHH[\M
oUMBOARG (mov S

eCaptdTol amod Tov 9J).
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35-3 MepiOAaon OITTANG OXIOUAG

AgiTE OTI N KEVTPIKN KOpUuPN TTEPIOAaONG
TOU oxnuatog yia d=6D =604, TrepiExer 11
KPOOOOUG CUMBOARNG.

Intensity, Iy vs. 6



(c) Intensity, Iy vs. 0

APPROACH The first mmimum 1in the diffraction pattern occurs where

_ A
smi = —-

D
Since d = 6D,
. A
dsinf = GD(H) = HA.

SOLUTION From Eq. 34-2a, interference peaks (maxima) occur for dsinfl = mA
where m can be 0,1,--- or any integer. Thus the diffracion minimum
(dsinf = 6A) coincides with m = 6 in the interference pattern, so the m = 6
peak won’t appear. Hence the central diffraction peak encloses the central
interference peak (m = 0) and five peaks ( m = 1 to 5) on each side for a total
of 11. Since the sixth order doesn’t appear, it 1s said to be a “missing order.”




35-4 Opi1a OIOKPITIKAG IKAVOTNTAG-
KUKAIKEG ipIOEG

A10KPITIKA IKAVOTNTA €ival N ATTOCTOON OTNV
OTToid EVO PAKOG MTTOPEI MOAIC VA OIOKPIVEI
OUO OINPOPETIKA AVTIKEIMEVA.

H S1aKpITIKEA IKavoeTnTa TTEPIOPICETAI ATTO
o@AApaTa (EKTPOTTEG) Kal TrEPiBAaon. Ol
EKTPOTTEG MTTOPEI OuVNTIKA va di1opOwbBouv, n
mePIOAaoNn OpwGg Ox1. H trepiOAaon £xel
OXEOT ME TIC OIOOTACEIG TOU (POKOU OE OXEON
ME TO MAKOG KUMATOG TNG OKTIVOBOAIQG.



35-4 Opi1a OIOKPITIKAG IKAVOTNTAG-
KUKAIKEG ipIOEG

Na KUKAIKEG ip10&G HE OIAMETPO D, TO KEVTPIKO
MEYIOTO £XEI EUPOG:

1.22A

6:
D

|6 in radians]

Intensity

122X 0 1.22A 0
D D
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35-4 Opl1a OI0KPITIKAG IKAVOTNTAG-
KUKAIKEG ipIOEG

To kpiTRp1o Tou Rayleigh Aggl 611 dUoO
TTAPACTACEIG Eival OIAKPITEG OTAV TO KEVTPO TNG
MIOG €ival TOUAAXIOTOV OTNV ATTOCTOON TOU
TTPWTOU EAAXIOTOU TNG AAANG.




35-4 Opi1a OIOKPITIKAG IKAVOTNTAG-
KUKAIKEG ipI1OEG

To diaoTnUIKO TnAgokdTtio Hubble BacileTal oTnv
avakAaon Kal gival o€ Tpoxia TEPIE TG yns. H
OIAKPITIKF) TOU IKOVOTNTA ECOPTATAI <K MOVO» ATTO TO
oTPORBIAIOHO TNG aTuooc@aipag. H dIaueETPOG TOU
OVTIKEIMEVIKOU aKoU Tou gival 2.4 m. Na opatn
akTIvoBoAia 1r.X. 4 =550 nm, BpeiTe TTOON €ival n
BeATiwon oTNV JIAKPITIKA IKAVOTNTA TWV ETTIYEIWV
TNAECKOTTIWV TTOU TTEPIOPICOVTAI ATTO TNV TTEPICTPOPI
TNG ATMOOPAIPAG TNGS YNGS ~1/2 arc-s. (KaBe poipa £XEl
60 minutes kail KaBe minute 60 seconds, &TTOpEVWG 1°
= 3600 arc-s.)

Copyright © 2009 Pearson Education, Inc.



APPROACH Angular resolution for the Hubble is given (in radians) by Eq. 35-10.

The resolution for Earth telescopes is given, and we first convert it to radians so
we can compare.

SOLUTION Earth-bound telescopes are limited to an angular resolution of

1 \°/27 rad
§ = ( )(“a)zz.atxm—ﬁrad.

bd | —

3600 360°

The Hubble, on the other hand, 1s limited by diffraction (Eq. 35-10) which for
A = 550nm is
1224 1.22(550 x 107" m)
= T = = 2.8 X 107" rad,
’ D 2.4m e

thus giving almost ten times better resolution (2.4 X 10™°rad/2.8 X 107" rad = 9x).
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35-4 Opl1a OIOKPITIKAG IKAVOTNTAG-
KUKAIKEG ipI1OEG

BpiokeoTte o€ Eva agpotrAdvo o€ Upog 10,000 m. KoltTwvTtag TTpog TO
£00(@OG EKTIMEIOTE TNV EAAXIOTN ATTOOTAON S HETASU AVTIKEINEVWYV TTOU
MTTOPEITE VA dIaKpPiveTE. MTTOPEITE VO HETPEIOTE AUTOKIVNTA O€ £va OTAOUO
parking ; OQwpeiote povo TTePiOAaon Kal UTTOOEOTE OTI N iP1OA TOU HATIOU
oag gival 3.0 mm o€ diIAueTpo Kal A = 550 nm.

APPROACH We use the Rayleigh criterion, Eq. 35-10, to estimate 6. The
separation s of objects is s = £f, where £ = 10°m and 6 is in radians.

SOLUTION In Eq.35-10, we set D = 3.0mm for the opening of the eye:

1.220 (10°m)(1.22)(550 x 10~ m)
D 3.0 X 103 m

Yes, you could just resolve a car (roughly 2 m wide by 3 or 4 m long) and count them.

= 2.2m.

s = [0 = {
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35-5 AIaKPITIKA IKAVOTNTA TNAECKOTTIWYV
Kal MikpooKoTTiwv; To 6pIO TOU A

10 TNAECKOTTIO TO OPIO0 Eival AUTO TNG
mePIOAaong OnA. .

1.22A
D

|6 in radians]

o MIKPOOKOTTIA, UTTOBETOVTOG OTI TO
OVTIKEIMEVO BPICKETAI OTNV ECTIA TOU PAKOU,
n S10KPITIKA IKAVOTNTA JIOETAI ATTO TNV

OXeon. 1.22Af
RP = s = f§ = ——*
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35-5 AIGKPITIKA IKAVOTNTA TNAECKOTTIWYV
Kal MikpookoTriwv; To 6plo TOU A

Mola gival n eAaxioTn amroéoTaon OUo ACTPWYV TTOU
MTTOPEI va dlakpivel (a) To 200-IvTOWYV TNAECKOTTIO OTO
Bouvo Palomar kai (b) To Arecibo padIOTNAECKOTTIO, ME
O1apeTpo 300 m Kai akTiva KaptruAotntag 300 m.
YtroBéoTe A = 550 nm yia 1o (a), Kai A =4 cm yia 1o (b).

A T R, TR Nt Al oy M
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APPROACH We apply the Rayleigh criterion (Eq. 35-10) for each telescope.
SOLUTION (a) Since D = 200in. = 5.1 m, we have from Eq. 35-10 that

1220 (1.22)(5.50 X 107" m)
D (5.1m)

g =

= 1.3 x 107" rad.

or 0.75 X 107 deg. (Note that this is equivalent to resolving two points less than
1 ¢cm apart from a distance of 100 km!)

(b) For radio waves with A = 0.04 m emitted by stars, the resolution is

_ (1.22)(0.04 m)

= 1.6 X 10 *rad.
(300 m) 1.6 X 10" rad

The resolution is less because the wavelength is so much larger, but the larger
objective collects more radiation and thus detects fainter objects.

NOTE In both cases, we determined the limit set by diffraction. The resolution
for a visible-light Earth-bound telescope 1s not this good because of aberrations
and, more mmportantly, turbulence in the atmosphere. In fact, large-diameter
objectives are not justified by increased resolution, but by their greater
light-gathering ability—they allow more light in, so fainter objects can be seen.
Radiotelescopes are not hindered by atmospheric turbulence, and the resolution
found in (b) is a good estimate.

Copypss——



35-5 AIaKPITIKA IKAVOTNTA TNAECKOTTIWYV
Kal MikpooKoTTiwv; To 6pI0 TOU A

Ev YEVEl N €0TIOKN ATTOOTOON EVOG
(POKOU MIKPOOKOTTIOU Eival:

i
RP =~ -
2

Agv givar duvarov va OIaKpivouueE
AETTTOUEPEIEC MIKPOTEPEC ATTO TO UNKOC
KUuaro¢ tn¢ akrivoBoAiag mou
XPNOIUOTTOIOUUE.
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35-

6 H J1aKPITIKI IKAOVOTNTO TOU aVOPWITIVOU
MOTIOU KOl N Xpnon MeyEBuvong

To avOpwITIVO HATI OIOKPIVEI AVTIKEIMEVO
mTou atréxouv 1 cm ota 20 m, R 0.1 mm
oTNV amroocTaon Tou near point (~ 20 cm).

AUTO repiopilel TNV «xpACIUN» UEYEBUVON
EVOC OTTTIKOU HIKPOOKOTTIOU ETaéU 500X—
1000x.
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35-7 @payua MepiBAaong

To epayua TTePIiOAAONG ATTOTEAEITAI ATTO TTOAAEG
ICATTEXOUOEC OXIOMEG N YPOAMMEG/EYKOTTEG. To
PPAYHA O1AO00NG £XEI OXICMES KOI TO PPAYMO
avdkAaong £xel YPOMMEG/EYKOTTEC TTOU
OVOKAOUV TO pWG.

‘Oo0 peyaAuTepn N /\ /\/\

TTUKVOTNTA TWV YPOANHWYV AR
TOOO OTEVOTEPEG Ol (a)
KOPUPEG.




35-7 @payua MepiBAaong

Ta pEYIOTA OTO «PACHO» (EIKOVA) TOU
O1a@PPAYMATOG Eival

WA o .
sinf = s om o= 0,1,2, [dlffragtl.ongra‘gng,]
d T principal maxima
m=2 m=2m=1 m=1 m=0 m=1 m=1m=2 m=2

700 400 700 400 Both A 400 700 400 700
nm nm nm nm nm  nm nm nm

Rainbow Rainbow White Rainbow Rainbow
(fainter) (fainter)
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35-7 @payua MepiBAaong

Na gpaypa repiOAaon pe 10,000
YPOMMEG/cM, BpeiTe TIG BECEIC TWYV
MEYIOTWY KOPUPWYV TNG TTPWTNG KAl
QEUTEPACG TACNGS VIO WS ME MAKN
KUparog 400 nm kai 700 nm



APPROACH First we find the distance d between grating lines: if the grating
has N lines in 1 m, then the distance between lines must be d = 1/N meters.

Then we use Eq.35-13,sin # = mA/d, to find the angles for the two wavelengths
for m =1 and 2.

SOLUTION The grating contains 1.00 X 10*lines/cm = 1.00 X 10° lines/m,
which means the distance between lines is d = (1/1.00 X 10°)m =
1.00 X 10™"m = 1.00 wm. In first order (m = 1), the angles are

mA (1)(4.00 X 107" m)

b0 = =7 = o0 x10°m 4%
_ (1)(7.00 X 107" m)
Sin By, = 100 X 10-°m = 0.700

SO flyy = 23.6° and 64y, = 44.4°. In second order,

A (2)(4.00 X 107" m)

S0 = T = o0 x 10°m 080
_ (2)(7.00 X 107" m)
Sin B4y, = 100 X 10-°m = 1.40

S0 By = 53.1°. But the second order does not exist for A = 700 nm because
sin # cannot exceed 1. No higher orders will appear.




35-7 @payua MepiBAaong

AguKO Qwg TTEPIEXEI MAKN KUMATOS aT1rd 400 nm péXpl 750 nm Kal
avaAuveral atrd gpaypa pe 4000 ypappég/cm. Agigte 611 yia To UTTAE 4 = 450

nm n Tpitn Tad¢n TOU ACHATOG ETTIKAAUTTITEI TO KOKKIVO oTa 700 nm aTtrd
TNV deUTEPN TAEN the second order.

SOLUTION The grating spacing is d = (1/4000) cm = 2.50 X 10™°m. The blue
of the third order occurs at an angle 6 given by

mr  (3)(4.50 X 107" m)

d (250 X 10 m)

Red in second order occurs at

(2)(7.00 x 107" m)
(2.50 X 107 m)

which is a greater angle; so the second order overlaps into the beginning of the
third-order spectrum.

sinfl =

= (.540.

sinf = = ().560,
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35-7 @payua MepiBAaong

OT1av KoITASTE TNV £mIPAvelIa evog CD,
@aivovTtal Ta XpwHATA TNG ip100G¢. (a)
BpeiTe TNV a1TOCTACN METALU TWV
KMOUCIKWV>» YPAMHWY TTOoU dl1afdaclel To
laser. (b) Bpeite TNV A1ITOOTACT METOASU TWV
YPOMHWYV UTTOBETOVTAG OTI TO CD TrEpPIEXEI
80 MIin MOUOCIKAG KAl TTEPIOTPEPETAI ME
TaxuTnTa atro 200 pExpt 500 oTpo@Es/min,
Kal TO MOVO Ta 2/3 a1rd Ta 6-CM AKTivVd
gival «XOPAYMEVO».



RESPONSE (a) The CD acts like a reflection diffraction grating. To satisly
Eq. 35-13, we might estimate the line spacing as one or a few (2 or 3) wavelengths
(A = 550nm) or 0.5 to 1.5 um. (b) Average rotation speed of 350 rev/min times
80 min gives 28,000 total rotations or 28,000 lines, which are spread over
(3)(6cm) = 4cm. So we have a sort of reflection diffraction grating with about
(28,000 lines)/(4 cm) = 7000 lines/cm. The distance d between lines is roughly
[ 1cm/7000 lines =~ 1.4 X 107°m = 1.4 wm. Our results in (a) and (b) agree.
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35-8 PaocpaTOuETPO KAl PACHATOOKOTTIO

‘Eva @aOUATONETPO METPAEI ME OKPIBEIO TO
MAKOC KUMOTOG TNG OKTIVOBOAIOG ME TNV
BonOsia TTpicCHATOC | PPAYMATOG TTEPIBAOONG

-
- _\_\_\""\-\.\_

.-"'-.J-. B \\\
Source f;’" “"\
 — Gratin '
[Collimator, >*"& \\,
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35-8 PACHATOMETPO KAl
daopparooKoTria

To MAKOG KUMATOG ETTIAEYETAI i
TPoodIopifeTal NE HEYAAN akpiffeia aTrd TNV
YWVIid TOU TTPICHATOC 1) TOU PPAYMATOG:

i — T, m o= 01,2, [diffraction grating,]

principal maxima
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35-8 OACUATOUETPO KAl
daopparooKoTria

ATOoNO KOl HOPIA «aVAYVWPEICOVTAI» ATTO TIG

XOPOAKTNPIOTIKEG KYPAMMES» atTTOPPOPNONG
N EKTTOMTTAG!.

Atomic hydrogen

Solar absorption spectrum
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35-8 OACUATOUETPO KAl
daopparooKoTria

To ATOMO TOU YOPOYOVOU EKTTEUTTEI WG
TO OTroio avaAuvueTal ye pdayua 1.00 x 104
YPOMHwYV/cM. O1 @OCHATOOKOTTIKEG
YPOMMEG AaTrO TO KEVTPO (09 gival W OTIG
24.2° MTTAE OTIG 25.7°, UTTAE-TTPACIVN OTIC
29.1° Kal KOKKIVN oTIG 41.0° a1rd TO
KEVTPO. Bpeite TO KN KUNOTOG QUTWYV
TWV YPOUMWV.



APPROACH The wavelengths can be determined [rom the angles by using
A = (d/m)sin@ where d is the spacing between slits, and m is the order of the
spectrum (Eq. 35-13).

SOLUTION Since these are the closest lines to 6 = 0°, this 1s the first-order
spectrum (m = 1). The slit spacing is d = 1/(1.00 X 10*em™) =1.00 X 10~ m.
The wavelength of the violet line 1s

00 x 1078
A= (%) sinf = (1 00 llU m) sin24.2° = 4.10 X 107" m = 410 nm.

The other wavelengths are:

blue: A = (1.00 X 107°m)sin25.7° = 434 nm,
blue-green: A = (1.00 X 10™"m)sin29.1° = 486 nm.
red: A = (1.00 X 107" m)sin 41.0° = 656 nm.

NOTE In an unknown mixture of gases, these four spectral lines need to be seen
to identify that the mixture contains hydrogen.
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35-9 AlakpITIKN IKavoTnTa
DpayudTwyv

O00 HEYOAWVEI O APIONOGC TWV YPOAUMWYV EVOG
PPAYMATOG TO PACHATOOKOTTIKO EUPOG TNG
KEVTPIKNS OKTIVOBOAIQG YyiveTal EAAXIOTO:

A
Ay =~
H S10KPITIKE IKAVOTNTA EVOS PPAYMATOG
opieTal ATTO TNV EAAXIOTHN O10POPA MNKOUG
KUMOTOG TTOU UTTOPEI VA OIOKPIVEIL:

A

B o= = N
AX o



35-9 AlakpITIKN IKavoeTnTa
DpayudaTwyv

To NATpI0 £XEI HIO XOPAKTNPIOCTIKR «OITTAR
YPOMMN» OTA , 4, = 589.00 nm Kai 4, =
589.59 nm, Bpecite (@) TNV MEYIOTN TAEN M
ToU B eppavioel Eva @PAyMa VIO TNV
vpauun auth Tou Natpiou (b) Ta
XOPOAKTNPICTIKA TOU pPAYMATOG TTOU
OTTAITOUVTAI YIO VO OIOKPIVEI Ta OUO uNAN
KUMOTOG.



APPROACH We first find d = 1em/7500 = 1.33 X 10™°m, and then use Eq.35-13
to find m. For (b) we use Egs. 35-18 and 35-19.

SOLUTION (a) The maximum value of m at A = 589 nm, using Eq. 35-13 with
sinf =1, 1s _
d d 133 X 10" m

- Lne<=S = — 2.26.
T Y = N T 589 X 107 m

so m = 2 18 the maximum order present.

(b) The resolving power needed is
A 589 nm

R = AA B 0.59 nm = 1000.

From Eq. 35-19, the total number N of lines needed for the m = 2 order is
N = R/m = 1000/2 = 500, so the grating need only be 500/7500cm™' =
0.0667 cm wide. A typical grating is a few centimeters wide, and so will easily
resolve the two lines.
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35-10 AkTiveg-X kai lepiOAaon AKTivwv-X

Ol aTTOOTACEIG METOLU ATOMWYV OE KPUOTAAAIKA
TTAEYHATA €ival IOAVIKEG VIO TNV TTEPIBAACON
OKTIVWV-X




35-10 AkTiveg-X kai legpiOAaon AKTivwv-X

MepiBAaon pe aKTiveg-X gival iCWG O OUCIACTIKOTEPOG TPOTTOG avVAAUo NG
TWV KPUOTAAAIKWY SOHWYV OXI HOVO avopyavwy UAIKWY aAAd Kal
BioAoyiKwvV popiwv.

Heater

III“.\. I
Targel
(anode)

l._x

High voltage

+\
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35-11 NMoéAwon

Mpappika NMoAwpévo
PWG. OTav TO £TTiTTEdO
TAAGVTWONG TOU
NAEKTPIKOU TTEQIOU
TTAPaMEVEI OTABEPO OE
oxéon ME TNV O1gUBuvon
010000 NS TOU PWTOG.

Copyright © 2009 Pearson Education, Inc.



IHolA®won Tov POTOS

['poppikd molouévo @mc, O0tav mn 0ELOLVON TOAAVTMOGNC TOV
NAEKTPIKOV TEOIOV TapaUEVEL oTOOEPT

= @
)

E:Ex+Ey /
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E=E, {fsin[z%(z—ct)} + fsin{%(z—ct + O)}}




Kvkhikd moAopevo ¢@mc, otav m oevbvvon ToAdvTmGNS TOV
NAEKTPIKOV TEOIOV TTEPIGTPEPETAL YOPW OO TOV AEOVH, O1O0GTG

E=E, fsin{%(z—ct)} +j sin{%(z—ct i%ﬂ}
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o mTég

Tpomol mapay®myYNG YPOLUIKE TOADUEVOL PMOTOC

« Avaxhaon * Ayypoikol KpOGTOAAOL
e YKEOOOM e AutthoOAocTiKol KpOGTOALOL
Avaxkiaon

* H avaxkiopevn déoun civanr todopévn KAGETA 6710 eninedo npoonTmONC.

e To emineoo mpodonT®ONg opileTar amd TV d1evOVVG™ TNC APYIKNG OEGUNC KOl
NG KaBETOL GTO EMinedo 6TO GNUEIO TPOGTTWOGOTC.

<....y/.... ..... > 2

\\

tanHB — & Mo aépo/yvohi

r I4 Br
"o yovieg mpoontmong Brewter N, 0,~56,3
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Ykéoaon

To pwg mov exmépumeton and Eva detypo KAOETA oty diebBuvon dtddoong g
apyIKNG 0EGUNG eivar ypoap ik moAmpévo pe modwon KAGETH oty oebbuvon

O1A00GNG TNG UPYIKNG OECUNG X
WZ\A
v Z

['vopiCovpue OTL Yoo LOVOPMTOVIKEG LETATTAOGELC TO €00V TV MAII yvouevo apytkng
KOl TEAMKNG Kupotosuvaptnong mpenel va nepiExel MAII mov va mepiéyovv 1o X, Y,
Z. Ed&v n 010061 100 @OTO¢ £ival 0 Z, T0te Lovo petomtmcels X, Y Qo emrpémovial
(E,=0). T'wa exkmoumn xotd pnxog tov dEova X, EL=0 kot eropévaoc 10 pog tvor Y-
TOA®UEVO Kol avtiotoyo  kotd pnkog tov déova Y, Ey=0 kol emopévoc to @og
etvor X-ToA®UEVO Kol avTioTOT(O
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Aypoikot Kpvotailon

KpbOotailot mTov amoppo@odv gmg GUYKEKPILEVNG TOAMGNG, ONA, EXLTPETOVTOL
LETATTOGELS LOVO HE Y N X TOA®UEVO POC.

3 e

AvAAoYO0 e TO €av Bempnoovpe Eva TAEYLO LLE KOTAKOPLQX, Oy (Y LLLOL
KoA®OL YoAkoV . H mdéAwon tov pmto¢ mov eknéuneton eivor KAGOETH ota
KOAMOL0L 010TL 1] GAAT GLVIGTMOGO ATOPPOPATOL

—
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Awmho0iaotikol Kpvotairion
KpbOotailot mov otaympilovv ymptkd v Y moAmuévn Kot X-ToA®UEVT] CUVIGTOGEC.
4

) $.3 4

BAémovpue 6Tt | X-moAwEVN CUVIGTOGO, LETOTOTTICETOL Qtd TNV aPYIKT) d1evBvuvon TG
oéoung (extraordinarygvo n Y -moAoUEVT) GUVICTMOGA, OEV LETOPAAAETOL.

Ipiopora Glan Laser

A [TeprotpéPoviac T0 KPUGTOAAD YOP®
x 4 and Tov AEova Z, aAAALEL Ko 1] TOA®O)

NG 0EGUNG TTOV EKTEUTETOAL.
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-9 000




Kvkika IToAopévo ®mg

[ va mopoyBel KOKAIKE TOAOUEVO QOC At YPAUUIKA TTOA®UEVO, YV®PILovuE OTL

mpémet o1 6Yo cvvictdoeg (E, M E,) Tov niektpucon nediov va £xovv diapopd

pacem¢ /2. Tovto emtvyydveton pe ta Agyouevo A/4 waveplates.

M4 M2

Copyright © 2009 Pearson Education, Inc.



1aDI@ 8.3 ....L.ﬁ)_._l_..____ ERISTIVE UF UP WAL MATERIALD

Useful Trurumizsion Renge
{ 2 10% transmission ) Index of Refraction Knoop Melting Paint
aterinl tn 2-mm Thickness [wavelength  jsm) in parentheses] Hurelness {("C)
LiF 0.104-7 LB0D.125), 1.34(4.3) 100 870
MgF, 0.1216-0.7 n, = 13777, n, = 1.35950(0.559)" 43 1396
CaF, 0.125-12 1.47835(0.2288), 1.307536(0.724) 158 1360
BaF; 0,1345-15 L51217(0.3652), 1.39636( 10.346) 63 1280
Sapphire (A1.0;) 0.15-63 n, = LARIBI 2A520), n = L5ABABATT),!  1525-2000° 240 + 10
n, slightly less than n,
Fused silica (5i0,) 0.165-4° 1L54TIH0.20254), 140601(3.5) 615 1600
Pyrex 7740 0.3-27 1474(0.589), = L5(2.2) = i) B20#
Vycor 7913 026-27 1.455(0.359) - 1300
AssS, 0.8-0.13 2B4(10), 2.4(8) 109 300
RIRZ =0 d-a7 1.75(2.2) = 600 =K
RIR 20 =04-35 1822.2) ML 760
NaF 0.13-12 13930, 185), 0.24(24) i 440
RIR 12 =04-57 1.62(2.9) 504 = 500
Mg 0.25-85 L7120 B2 2800
Acrylic 0.340-16 1.5066(0.4101), 1.4892/0,6563) & Distarts at 72
Silver chloride (AgCD 0.4-32 2.134(0.43), 1.90148(20.5) 95 43
Silver bromide (AgBr) N.45-42 23130486y, 2.2315(0.671) 295 432
Kel F 0.34-34 - - -
Diamaond (type 1[A) 0.23-200+ 2.7151(0.2265), 2 4237(0.5461) 5T00-10.400° =
NaCl 0.21-25. r%ﬁﬁ@. 1.3403(22.3) 18 BO3
KBr 0.205-23 1.55005(0.538), 1.46324(25.14) 7 730
EC 0.18-30 1.78373(0.19), 1.3632[23) - 716
sl 0.18-=30 1.5226(0.226), 1.6440(0.535) - 46
CsBr 0.21-30 1.75118(0.365), 2.55000(39.22) 18.5 Gi30
Kl 0.25-40 B 1548(0.248), 1 6IR1(1.083) 5 ™M o,
Csl 0.235-60 LUST04{0.297), LE1925(33.12) - 621
5¢Ti0;, 04-74 2.332.2), 2.18(4.3) 820 A0
5¢F, 0.13-14 1.438(0.538) 130 1450
Rutile (TI0,) 04-7 n,=2510), n, = 27(L0) 880 1825
Thallium bromide {T1Br) 0.45-45 2.852(0.436), 2.3(0.73) 12 480
Thallium bromoiodide (KRS-5) {).56-6) 2627380,377), 221721(39.35) 40 4145
Thallium chlorobromide (KRS-6) 0.4-22 ZA6TI0.560), 20752024) 1] 4235
InSe 0.5-2 2,40 10.6) 130 -
Iriran 2 (ZuS) 0.6-136 2.26(2.2), 2.254.3) 354 B0
8 L1-13" 3425.0) 1150 1420
Ge 1.85-30¢ 4.023(4.0, 4.002{12.0 92 36
Cals I-15 3.5(1.0y, 3135 10:6) a0 . 1238
CiTe 0.9-16 0 8% 0, 267(10.6) 15 1043
Te 148+ n,=637(43),n, = 44343 - 450
CaC0, 025-3 n, = 1902840200, n, = |.5TT96(0.198)" - -
n, = L630FK1TE), n, = LATIN3.324) 135 B 4"
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2ove IInyéc Pmtog

Mélav Zoua

TABLE 42
Common continuum sources
Window or Apprieimate
envelope Wirvelength spectral radiame
 Type Radizting material materia] range {(Wem=—pm=1gr 1)
Neznst Rod of zirgomia, Nune (hd-20 wm -+
dlower yiiria, of thoma at
12002000 K
Glabar Raod of sHicon MNong 1-40 um 10
carbide at 1300-
1500 K
Tungsten Tungsten flament at (ilass FUb-2500} nm -1t
20003000 K
Quartz-indine Tuagsten filament Oares 20-3000 nm 5w 107
(T = 3600 K)
Hydrogen o Are discharge jn a Chirelz 130-370 nm 5wt
denterium [ew torr of H; ar '
0. '
Xenon e Arc discharpe in Quartz 00« LN nm 1!
>l am Xe

*Values ate towgh approximations al specific wavelengehs: for Nermst glower and ghobar, & = 10 i for lungstem, b o 500 nes for quarts
odint: with fodise scavenger, b - 400 nm for Hy, A = 250 am; for Xe arc, b — 506} e (75-W lamp).
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Aoumtpeg aeplmv

AoumTnpec
ToEov

INSTRUMENTS

IRRADIANCE AT 0.5 m (mW m nm ')

L 1
1000 1500

WAVELEMGTH (nm)

6332
S50 WQTH

;SHORT FILAMENT

6337
SOVWATH
LONG FILAMENT

-
(=]

Aoumtnpeg
W-Aloyovov

IRRADIANCE AT 0.5 m (mW m~“nm-")

1000 1500 2400
WAVELENGTH (nrm)

http://www.oriel.com/netcat/\VVolumelll/Descrippagatips.htm
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